1 . Introduction. -It is well known that additives play an important role in improving the magnetic characteristics of ferrites. For instance, the role of small amounts of Ca and Si in high permeability of Mn-Zn ferrite [I] and the role of a small amount of Bi in improving the residual magnetization and the coercive force of Ba ferrite [2] were investigated. Moreover magnetic properties of various oxides with spinel structures were investigated [3] . It is possible to expect many effects from various additives in ferrites. However, the behaviors of additives have not been clarified enough. In this report the influence of various cations ranging from alkali metals to transition metals according to the periodic table were studied.
2. Experimental. -Three kinds of ferrite having different cation distributions in a spinel lattice were selected. They were Ni ferrite as an inverse spinel, Mg ferrite as an intermediate spinel, and Zn ferrite as a normal spinel. They were synthesized by usual methods. Ni ferrite or Zn ferrite having a stoichiometric composition could be obtained always. Mg ferrite was also stoichiometric a t the initial stage of the experiment, but in subsequent procedure after adding lIIb group metals the composition of the used ferrite deviated slightly to the magnesium excess side. As additives 1-6 at % of cations were added to each ferrite respectively, in the form of carbonate in the case of alkali metals and alkaline earth metals except Be and Mg, or in the form of oxide in the case of other metals including Be and Mg. After satisfactory mixing, each ferrite powder with additives was pressed into toroids and disks. Firing was carried out at 1 300 OC for 3 hours in air. To identify the formed phases and to determine the lattice constants of the ferrites after adding additives, X-ray diffraction pattern measurements were made with a diffractometer with manganese filtered iron radiation. The formed phases were identified by the diffraction patterns at 2 8 < 80°, and lattice constants were determined from the (533), (731) and (800) spinel reflections. Curie temperatures were measured with a magnetic balance using small pieces taken from a fixed position of the disk specimens. Magnetic permeabilities at 10 kHz were measured on toroidal specimens with an impedance bridge and electric resistances were measured on disk specimens with a vibrating reed volt ammeter. Observations with an electron microscope or analysis with an electron probe micro analyser were carried out when necessary. 3.2 ALKALINE EARTH METALS. -Except Ca, alkaline earth metals had little effect on the lattice constant of Ni ferrite or Zn ferrite. The replacement of Ni or Zn by Mg is confirmed from the drop of Curie temperature of Ni ferrite and the slight decrease of the lattice constant of Zn ferrite. In Mg ferrite these cations except Be are effective for the lattice constant (Fig. 4) and Curie temperature. The behavior of Ca in each ferrite is particular. The variation of the lattice constant or Curie temperature is remarkable. The magnetic permeability increases in Ni ferrite ( Fig. 2) and especially in Mg ferrite (Fig. 1) . As the amount of Ca increased above 4 at % another phase Ca2Fe20, was confirmed with Ni ferrite and Zn ferrite by X-ray diffraction. Another phase, SrFe,O,, was also found by adding Sr above 2 at % to Zn ferrite.
. 3
IIIb GROUP METALS. -The solubility of Al, Ga, and In among this group in Ni ferrite and Zn ferrite is shown clearly by the lattice constant or Curie temperature. The lattice constant varied according to the ionic radii of Al, G a and In (Fig. 5) and Curie temperature decreased with the amount of these additives (Fig. 6) . In Mg ferrite the variation of the lattice constant or Curie temperature was somewhat complicated because of the excess magnesium content of the starting Mg ferrite. G a and especially In raised the permeabilities of both Ni ferrite and Mg ferrite. In addition, insoluble B was more effective than Ga. B lowered the electric resistance remarkably. It was observed that the intensity of the diffraction pattern obtained from the surface of sintered body decreased extremely when B and A1 were added to Zn ferrite. (Fig. 2) . The electric resistance also dropped suddenly by adding Pb. These variation caused by promotion of sintering as a result of adding Pb.
3.5 Vb GROUP METALS.
-From the lattice constant and Curie temperature, it is confirmed that this group is insoluble except a slight solubility of Sb in Mg ferrite or Zn ferrite. Bi improved the permeabilities of both Ni ferrite ( Fig. 2) and Mg ferrite (Fig. 1) . This effect is similar to that of Pb. sium distribution in the spinel lattice resulted from addition of Y. A small amount of Y increases the magnetic permeability of Mg ferrite remarkably (Fig. 1) .
3.7
IVa GROUP TRANSITION METALS. -With increasing the amount of Ti, another phase TiFeO, appeared with spinel phase. The formation of TiFeO, is most difficult in Mg ferrite in which the lattice constant increases with the amount of Ti. Curie temperature dropped by adding Ti in both Ni ferrite and Mg ferrite. By adding Zr, so far as the amount is small the single phase of the spinel is identified in each ferrite. With increasing the amount of Zr, the phase of ZrO, is identified. The observation with an electron probe micro analyser indicated the fine and uniform dispersion of ZrO,. This means Zr dissolved in ferrite appreciably at high temperature and it precipitated during cooling period. The steep increase of the electric resistance with increase of Zr was resulted from this dispersion of ZrO,. Hf is hardly effective in each ferrite.
3 . 8 Va GROUP TRANS~TION METALS. -Neither the formation of solid solution nor other crystalline phase was observed by adding V to each ferrite. The magnetic permeability of Ni ferrite increased steeply by adding V below 1 at %, but it decreased steeply with increasing the amount of V (Fig. 1) 3) Several additives soluble in the spinel lattice improve the magnetic permeability. They are as follows, Ni ferrite : -Na, Ca, In, Ga*, Mg ferrite : -Li, Ca, In, Ga*, Y + , * slightly, f by addition of small amount.
4)
Several additives insoluble in the spinel lattice improve the magnetic permeability. They are as follows, Ni ferrite : -B, Pb, Bi, V+, Nb*t, Mo, Wt, Mg ferrite : -B*, Pb*, Bi, Mot, W*+, * slightly, t by addition of small amount.
